Recently, soaps have been increasingly used in household applications to minimize the environmental impact of surfactants. The development of a simple and rapid method for the determination of soaps in water is required from the viewpoints of ecology, environmental chemistry and limnology. A solvent extraction-spectrophotometric method 1 and a highperformance liquid chromatographic method with fluorescence prelabeling 2 have so far been used for the determination of soaps in environmental samples. The former method suffers some such disadvantages as tedious procedures and the toxicity of the organic solvent. Although the latter can be applied to the assay of each individual carboxylic acid, fluorescent prelabeling is not useful for river-water without preconcentration by a rotary evaporator.
Experimental

Reagents
In the synthesis of PAPB (Fig. 1) ; 4 4-(4-aminonaphthylazo)-pyridine was first obtained by coupling diazotized 4-aminopyridine with 1-naphthylamine in a phosphoric acid solution. The azo dye synthesized was quarternized by refluxing with 1-bromopentadecane in a mixture of N,Ndimethylformamide and benzene (1 + 8) at 70 -80˚C for 16 h. The product (PAPB) was washed with toluene until the washings were no longer colored, and then dried. The reagent solution was prepared by dissolving an appropriate amount of PAPB in ethanol to give a 2.0 × 10 -4 M (1 M = 1 mol dm -3 ) PAPB. An ethanol solution of lauric acid was used as a standard soap solution. Lauric acid (Wako Pure Chemical Industries, purity >99.0%) was dissolved in ethanol to give a 1.0 × 10 -3 M stock solution. Polyoxyethylene(4)lauryl ether (POL, Sigma Chemicals Co.) was used without any modification, and was dissolved in water to give a 0.18% solution. Citric acid and trisodium citrate were obtained from Wako Pure Chemical Industries, and a mixture of 0.1 M citric acid solution and 0.1 M trisodium citrate solution was used as a buffer solution (pH 6.5).
All of the reagents were of analytical-reagent grade, and deionized distilled water was used throughout the experiments.
Apparatus
Spectral measurement and absorbance readings were carried out on a Shimadzu UV-2200 double-beam recording spectrophotometer using a 5-cm glass cell. A TOA Electronics Model HM-7E pH meter was used.
Analytical procedure
Transfer 20 ml of the sample solution (soap content, below 2.4 × 10 -6 M) into a 25 ml volumetric flask. To it, add 0.5 ml of a citrate buffer (0.1 M, pH 6.5), 1.0 ml of a 0.18% POL solution and 1.1 ml of 2.0 × 10 -4 M PAPB in this order. Dilute the mixture to the mark with distilled water, and measure the absorbance of the solution at 448 nm with a 5-cm cell using water as a reference.
Results and Discussion
Absoption spectra
The reaction between PAPB and the soap occurred immediately by mixing at pH 6.5; the color of the mixed solution changed from blue to pale yellow. Figure 2 shows the absorption spectra of PAPB and the ion associate formed between PAPB and the laurate ion.
The effect of the alkyl chain length in the carboxylic acids on the formation of the ion associate with PAPB was investigated. The results are shown in Table 1 . PAPB reacted with carboxylates, possessing an alkyl chain longer than C12; the apparent molar absorptivities of the ion associates were in fair agreement with each other, except for the myristate ion (C14). However, when other carboxylates, such as laurate (C12), palmitate (C16) and stearate (C18) coexisted with the myristate ion, the absorbance of myristate almost agreed with that of laurate. The reason is not clear. Because the major components of the soaps are carboxylates having carbon numbers from C12 to C18, the total concentrations of soaps can determine by using the laurate standard solution and PAPB.
Effect of POL and the standing time on the coloration
The formed ion associates were easily eliminated from solutions as precipitates, which absorbed on the surface of the glass vessel. In order to improve their solubility and color stability, twenty-five commercially available polyoxyethylene homologues were investigated. Of them, POL was found to be excellent regarding coloration.
The effect of the POL concentration was also studied. Constant absorbances were obtained by the addition of 0.1 -1.1 ml of a POL solution (0.18%).
Therefore, 1.0 ml of POL was used in the experiments.
The effect of the standing time of the solution was investigated by varying it from 5 to 120 min, where the absorbances of PAPB and the ion associate with laurate were found to be constant. A standing time of 5 min was adopted in the procedure.
Effect of pH
The pH dependence of the ion-associate formation between laurate and PAPB was investigated using a citrate buffer. The absorbances were almost identical over a pH range of 6.0 -6.5. In this work, the formation of the ion associate was carried out at pH 6.5.
Calibration graph
A calibration graph obtained by the proposed procedure showed a favorable linear relationship over the concentration range from 0.4 to 2.4 × 10 -6 M laurate. The apparent molar absorptivity of the associate was 7.2 × 10 4 dm 3 mol -1 cm -1 at 448 nm. The reproducibility of the procedure was evaluated for ten measurements of 1.60 × 10 -6 M laurate solution; the standard deviation was 0.03 × 10 -6 M and the relative standard deviation was 1.8%.
Interferences
With regard to the determination of soaps in natural water samples, interferences due to various ions were examined on the determination of 1.6 × 10 -6 M laurate. The concentrations of the coexisting ions tested in this work were approximately 1 -100 times higher than the common contents of these ions usually existing in river-water samples. The obtained results are summarized in Table 2 . No effect of DBS at approximately equal concentration of laurate was found. Nitrate ion and SDS caused negative errors, which were attributed to a shift of the maximum wavelength; the wavelength of the absorption maximum of the ion associates of PAPB with laurate was partly shifted to a longer wavelength, 470 nm, which agreed with the 1336 ANALYTICAL SCIENCES NOVEMBER 2001, VOL. 17 
Applications
Ten river-water samples were withdrawn and filtered through a membrane filter (0.45 µm) before use. In all of the river-water samples analyzed, no soaps were found. The recovery test was carried out in one of the river-water samples by adding 0.8 ml of a 5.0 × 10 -4 M laurate solution; the obtained results were 85 -86%. Because SDS 5 was not detected in this sample, the effect of nitrate ion was studied. Since a linear relationship existed between the nitrate ion concentration and the decrease in the absorbance at 448 nm, the recovery could be corrected with the nitrate ion concentration in river water. The corrected recovery value was 92% for a river-water sample containing 1.15 × 10 -5 M of nitrate ion. The proposed simple spectrophotometric method can be successfully employed for the determination of low levels of soaps in river water.
